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Remarks 

Reconsideration and withdrawal of the rejections of the claims, in view of the 
amendments and remarks herein, is respectfully requested. Claims 53 and 73-74 are amended 
and claims 57, 77 and 80 are canceled. The amendments are intended to advance the application 
and are not intended to concede to the Examiner’s position or to prejudice the prosecution of the 
claims prior to amendment, which claims are present in a continuation of the above-identified 
application. Claims 53-55, 58-64, 66-68, 70, 72-75, 78-79, and 81-82 are now pending in this 
application. 

Claims 53-55, 57, 64, 70, and 72-73 were objected to as containing typographical error. 
Applicant has amended claim 53 to overcome this objection. 

The 35 U.S.C. §_ TT2 Rejections 

The Examiner rejected claims 53-55, 57, 64, 70, 72-75, and 81-82 under 35 U.S.C. § 1 12, 
first paragraph, as lacking a clear written description. This rejection, as it may be maintained 
with respect to the pending claims, is respectfully traversed. 

With respect to the Examiner’s assertion at page 4 of the Office Action regarding the 
structure of variant PBR genes, the Examiner is reminded that Applicant need not teach what is 
well-known to the art. The structure of PBR genes was known prior to Applicant’s filing as 
evidenced by Riond et al. (Eur. J. Biochem., 195 :305 (1991)) and Hardwick et al. (Proc. of the 
Am. Assoc. Can. Res., 38:233 (1997)) (a copy of each is enclosed herewith for the Examiner’s 
convenience). Thus, the amendments to claims 53 and 74, and the cancellation of claim 57, 
obviate the § 1 12(1) written description rejection of claims 53-55, 57, 64, 70, and 72-75. 

Although the Examiner rejected claims 81-82 as lacking an adequate written description 
“for the same reasons of record”, none of the reasons listed on pages 3-4 of the Office Action 
apply to claims 81-82. 

Therefore, withdrawal of the written description rejection of claims 53-55, 57, 64, 70, 72- 
75, and 81-82 under 35 U.S.C. § 112, first paragraph, is appropriate and respectfully requested. 

The Examiner also rejected claims 53-55, 57, 64, 70, 72-75, 77-80, and 81-82 under 35 
U.S.C. § 1 12, first paragraph, because the specification, while being enabled for a polynucleotide 
sequence consisting of SEQ ID NO: 1 or 2, or a nucleic acid consisting of a polynucleotide 
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sequence encoding a polypeptide consisting of SEQ ID NO:3, allegedly lacks enablement for 
complements of SEQ ID NO:l or 2 that inhibit cell proliferation, or of nucleic acids 
“comprising” a fragment of 7 to 40 nucleotides of SEQ ID NO:l or 2, or a full length PBR gene 
encoding SEQ ID NO:2, or PBR gene encoding a PBR protein that “comprises” the mutant 
residues threonine 147 or arginine 162, or that “comprises” SEQ ID NO:3, or “a PBR gene”. As 
this rejection may be maintained with respect to the pending claims, it is respectfully traversed. 

The amendments to claims 53 and 74, and the cancellation of claims 57, 77 and 80, 
render the enablement rejection of claims 53-55, 57, 64, 70, 72-75, and 77-80 moot. 

With regard to the enablement rejection of claims 81-82, the Examiner is requested to 
consider that the structure of a PBR gene was known (see above) and that the Examiner has 
conceded that the specification enables “a polynucleotide sequence consisting of SEQ ID NO: 1 
or 2” and “a nucleic acid consisting of a polynucleotide sequence encoding a polypeptide 
consisting of SEQ ED NO:3”. 

Accordingly, withdrawal of the § 112(1) enablement rejection is respectfully requested. 

The 35 U.S.C. £ 1 02(e) Rejection 

The Examiner rejected claim 81 under 35 U.S.C. § 102(e) as being anticipated by Sorge 
et al. (U.S. Patent No. 5,663,062) or Studier (U.S. Patent No. 5,407,799). These rejections are 
respectfully traversed. 

Claim 81 is directed to an isolated nucleic acid consisting of SEQ ID NO:l, SEQ ID 
NO:2, or the complement thereof. SEQ ED NO:l and SEQ ED NO:2 each have 652 nucleotides. 

U.S. Patent No. 5,663,062 discloses a library of oligonucleotides that are typically from 
about 5 to 1 0 nucleotides in length (abstract). The library is used to construct larger 
oligonucleotides of preselected sequence (column 4, lines 21-25), which are useful as primers for 
DNA sequencing and PCR (column 4, lines 1 8-20). Two types of libraries are disclosed, both of 
which employ oligonucleotides (column 5, lines 53-55). 

U.S. Patent No. 5,401,799 discloses a method for high-volume sequencing of nucleic acid 
with random or directed priming with libraries of oligonucleotides (title). 

Neither the ‘799 patent nor the ‘062 patent discloses an isolated nucleic acid consisting of 
SEQ ID NO:l, SEQ ID NO:2, or the complement thereof. 
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Accordingly, withdrawal of the § 102(e) rejections is respectfully requested. 
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CONCLUSION 

Applicant respectfully submits that the claims are in condition for allowance and 
notification to that effect is earnestly requested. The Examiner is invited to telephone 
Applicant’s attorney (612) 373-6959 to facilitate prosecution of this application. 

If necessary, please charge any additional fees or credit overpayment to Deposit Account 
No. 19-0743. 


Respectfully submitted, 

VASSILIOS PAPADOPOULOS ET AL., 


By their Representatives, 


SCHWEGMAN, LUNDBERG, WOESSNER & KLUTH, P.A. 
P.O. Box 2938 
Minneapolis, MN 55402 



CERTIFICATE UNDER 37 CFR 1.8: The undersigned hereby certifies that this correspondence is being deposited with the United States Postal 
Service with sufficient postage as first class mail, in an envelope addressed to: Mail Stop AF, Commissioner of Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450, on this day of November. 2005. 
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I Molecular cloning and chromosomal localization 
I of a human peripheral-type benzodiazepine receptor 

; Joelle RIOND 1 , Marie Genevieve MATTEI 3 , Moutad KAGHAD 2 , Xavier DUMONT 2 , 

Jean Claude GUILLEMOT 1 , Gerard LE FUR 1 , Daniel CAPUT 2 and Pascual FERRARA 1 
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j (Received June 29, 1990) - EJB 90 0761 


The sequencing of endopeptidase-generated peptides from the peripheral binding site (PBS) for benzo- 
diazepines, purified from a Chinese hamster ovary (CHO) cell line, produced internal sequence information, and 
confirmed and extended the NH 2 -terminal PBS sequence that we previously reported. Since the sequences were 
highly similar to the corresponding rat PBS sequences, we investigated whether they were also conserved in human 
j PBS. Scatchard analysis of [ 3 H]PK11195 (a derivative of isoquinoline carboxamide) binding and photoaffinity 

j labeling with [ 3 H]PK14105 (a nitrophenyl derivative of PK11195) revealed that CHO PBS and human PBS are 

j closely related. Furthermore a rabbit antiserum raised against three peptides synthesized on the basis of the CHO 

} PBS sequence immunoprecipitate the solubilized U937 PBS and also recognize the human protein in an immuno- 

1 blot analysis. Based on these results, we screened a U937 cell cDNA library with four oligonucleotide probes 

[ derived from the CHO sequence. Two of the probes hybridized with several clones that we isolated and sequenced, 

i One of these, h-pPBSll, is 831 nucleotides and contains a full-length representation of human PBS mRNA. The 

j amino acid sequence of human PBS deduced from the cDNA is 79% identical to that reported for rat PBS, 

f however, human PBS contains two cysteines while rat PBS is characterized by the absence of this amino acid. 

Using the cDNA of human PBS as a probe, the PBS gene was located in the 22ql3 .3 band of the human genome. 

s. 

✓ 

I 
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[ Benzodiazepines are psychoactive drugs with sedative, 
anxiolytic and anticonvulsant properties. They exert these 
actions through receptors located in the central nervous sys- 
tem [1, 2]; however some benzodiazepines also interact with a 
i different type of receptor present mainly in the mitochondrial 
compartment of peripheral tissues [3 — 5] . The physiological 
role of this peripheral-type receptor is still unclear, although 
. several studies have shown that peripheral-type benzo- 
diazepine ligands can induce monocyte chemotaxis [6], cell 
differentiation [7 — 10] and steroidogenesis [11 — 13] in vitro . 

Recently a cDNA coding for the rat peripheral- type 
t' benzodiazepine receptor (PBS) was isolated. The deduced 
! amino acid sequence corresponds to a protein of 169 amino 
acids, with five putative transmembrane regions, and without 
: a typical mitochondrial- targeting sequence [14]. The sequence 
following the first methionine in the open reading frame is 
highly similar to the NH 2 -terminal sequence of a CHO PBS 
, that we previously reported [15]. 


Correspondence to D. Caput, Sanofi Elf Bio-Recherches, Boite 
; Postale 137, F-31328 Labege Cedex, France 

Abbreviations . PBS, peripheral binding site; CHO, Chinese ham- 
ster ovaiy. 

Enzyme . Staphylococcus aureus V8 protease (EC 3.4.21 .19). 

Note, The novel nucleotide sequence data published here has been 
deposited with the EMBL sequence data bank and is available under 
accession number M36035 


We pr esent here the sequences of endopeptidase-generated 
peptides from purified CHO PBS. Some of these peptide se- 
quences, identical to that from rat PBS, were also conserved 
in human PBS present in the histiocytic lymphoma cell line 
U937; this cell line was chosen as a human model because 
monocyte/macrophage chemotaxis is a well-documented 
physiological role of PBS ligands [6]. Based on the peptide 
sequences, we constructed four mixed-sequence oligo- 
nucleotide probes that were used to isolate a full-length cDNA 
clone coding for human PBS from a cDNA library constructed 
from the U937 cell line. Finally, using the cDNA of human 
PBS as a probe, the PBS gene was located in the q 13.3 region 
of the long arm of chromosome 22 by in situ hybridization. 


MATERIALS AND METHODS 
Cell lines and culture 

The CHO cells [16] were cultured and collected as de- 
scribed [17]. The human U937 cell line [18] was grown in 
suspension in RPMI 1640 medium containing 10% heat-inac- 
tivated fetal calf serum, 2.5 mM sodium pyruvate, 5 mM 
Hepes, 4 mM glutamine, 100 IU/ml penicillin and 50 pg/ml 
streptomycin. 
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[ 3 H]PK11195 binding and [ 3 H]PK 14105 photolabeling 
of CHO and U937 cell lines 

Saturation experiments of CHO and U937 PBS with 
[ 3 H]PK11195 (66.0 Ci/mmol, CEA, Gif-sur- Yvette, France) 
were performed as previously described [15]. .Photolabeling 
experiments were performed on 0.5 ml of either a cell suspen- 
sion (2x 10 6 cells/ml), or a mitochondrial suspension (2 mg 
protein/ml) with [ 3 H]PK14105 (87.0 Ci/mmol, CEA, Gif-sur- 
Yvette, France) as described [15]. The photolabeled samples 
were either directly analysed by SDS/PAGE or extensively 
washed and used for the immunoprecipitation experiments. 

Peptide preparation and sequencing 

For peptide preparation, approximately 10 6 dpm [ 3 H]- 
PK14105-photolabeled CHO PBS were added to CHO cell 
mitochondria, and CHO PBS was purified as previously de- 
scribed [15], except that the final HPLC step was replaced by 
SDS/PAGE- The PBS band of the unfixed gel was excised 
and digested in situ with Staphylococcus aureus V8 protease 
(Sigma) according to a modification of the method described 
by Cleveland et al. [19]; the peptides generated were concen- 
trated into a thin band at the migration front of a stacking gel 
instead of being separated in a classical discontinuous SDS/ 
PAGE. The peptide-containing band was then excised, cut 
into small pieces and extracted overnight at 4°C in 100 pi 
100 mM Tris buffer, pH 6.8, and 0.1% SDS. After centrifuga- 
tion; the supernatant was directly loaded onto a reverse-phase 
HPLC column (C 8 , 0.2 cm x 10 cm, Brownlee) and eluted for 
1 5 min with a 1 - 70% linear gradient of acetonitrile contain- 
ing 0.1% trifluoroacetic acid at a flow rate of 0.3 ml/min. 
Elution was monitored at 216 nm and peaks were collected 
manually. 10% of each peak was used for measuring radioac- 
tivity by liquid-scintillation counting and the rest was used for 
sequence determination. The NH 2 -terminal sequence analysis 
was performed as previously described [1 5] using a gas-phase 
sequenator (Applied Biosystems). 

Peptide synthesis and immunization 

Three peptides were simultaneously synthesized on 
methylbenzylhydroxylamine resin [20]. SP1 corresponded to 
sequence 1-15 of P4 (APSWVPAV GLTLAPSXGGFMXA- 
YFV). SP2 corresponded to positions 1—20 of peptide 
P4 with a glycine in the undetermined position 16. SP3 
corresponded to positions 1 — 21 ofP5 (LGGFTEEAVVPLG- 
LYTGQLALNWAWPPIF), with a leucine in position 1 
replaced by aspartic acid. The three peptides contained a 
cysteine at the COOH-terminus. The synthetic peptides were 
characterized by amino acid analysis and complete se- 
quencing. A mixture of the three peptides (0;5 mg each) was 
injected into rabbits subcutaneously every ten days. Antisera 
were titrated by ELISA using the synthetic peptides as coating 
antigen. 

Immunoblot analysis 

Cell homogenates were solubilized in sample buffer, separ- 
ated on SDS/PAGE (1 5%), and transferred on to a nitrocellu- 
lose membrane in a semi-dry transfer apparatus (LKB). The 
membrane was then saturated in 3% bovine serum albumin 
and incubated with anti-peptide antiserum at a dilution factor 
of 1 /500. The complexes were revealed by autoradiography of 
the dry sheet after incubation with 12 ^labeled protein A 
(New England Nuclear). 
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Immunoprecipitation . 

A freshly photolabeled CHO or U937 cell mitochondrial j 
preparation was solubilized in 50 mM Tris buffei, pH 8 0, \ 

150 mM NaCl, 1 % Nonidet P40, 0.1 % SDS and 0.5% sodium 
deoxycholate, at a final protein concentration of 1 mg/m| 
After 60 min at 4 °C, the mixture was centrifugated for 30 min ! 
at 10000 x g and the supernatant collected. For each assay, j 
5 pi supernatant (approximately 10000 dpm) were diluted ten- j 
fold in solubilization buffer containing 0.1% bovine serum j 
albumin and mixed with anti-peptide antiserum (1/100). After j 
incubation overnight at 4°C, 50 pi activated Pansorbin j 
(Calbiochem) were added and incubated for 3 h The Pan- j 
sorbin was then pelleted, washed with water and heated foj j 
10 min at 80°C in electrophoresis sample buffer An aliquot { 
of supernatant was used for measuring radioactivity, the rest I 
was resolved by SDS/PAGE and revealed by autoradiogr aphy. | 

i 

j 

I 

cDNA cloning ■ j 

Poly(A)-rich RNA was prepared from the human cell line j 
U937 according to Cathala et al. [21]. A cDNA library was j 
constructed using a pTZ19 vector according to Caput et al. j 
[22] and contained approximately 10 6 recombinant bacteria. j 
Four synthetic oligonucleotides, (1) 5'-(CAC GGC GGG T j \ 

CAC CCA GGA)-3', (2) 5'-(CAG AGT C/GAG GCC CAC j 
GGQ-3', (3) 5'-(CTC CTC TGT GAA G/ACC G/TCC)-3', j 
and (4) 5'-(GAA GAT GGG GGG CCA TGC)3', were de- j 
rived from different parts of the sequenced peptides and used | 
as probes to screen the library by in situ colony hybridization j 

i 

! 

DN A sequence analysis j 

The DNA sequencing was performed by the dideoxy- j 

chain-termination method [23] using restriction fragments j 

cloned in Ml 3 mpl 8 and M13 mpl9 (Pharmacia). | 

Gene mapping by in situ hybr idization. In situ hybridization j 

was carried out on chromosome preparations obtained from j 
phytohemagglutinin-stimulated human lymphocytes cultured j 
for 72 h. 5-Bromodeoxyuridine was added for the final 7 h j 
of culture (60 pg/ml medium) to ensure a posthybi idization j 

chromosomal banding of good quality. For the probe prep- 
aration the p-hPBSll clone, containing an 840-base insert 
was 3 H-labeled by nick translation to a specific activity ot 
1.7 X 10 6 dpm/pg. The radiolabeled probe was hybridized to 
metaphase spreads at a final concentration of 100 ng/ml hy- 
bridization solution [24]. After coating with nuclear track 
emulsion (KODAK NTB2), the slides were exposed for 
12 days at 4°C, then developed. To avoid any slipping of silver 
grains during the banding procedure, chromosome spreads 
were first stained with buffered Giemsa solution an 
photographed at metaphase. R banding was then performed 
by the fluorochrome/photolysis/Giemsa method and is 
photographed at metaphase before analysis 


RESULTS 

Purification and sequencing of CHO PBS peptides 

The CHO PBS was solubilized and purified ft 0(11 
[ 3 H]PK14105-photolabeled mitochondria as described pj e ' 
viously [15]. Minor contaminating polypeptides present aW 
the final HPLC step were completely resolved from PBS 
purification on SDS/PAGE. The PBS band (approximate!, 
200 pmol) was excised from the unfixed SDS/PAGE and « 
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\ Elution Time (min) 

Fig 1. Elution pattern oj endopeptidase-gener ated peptides from CHO PBS . Appr oximately 200 pmol purified PBS digested with S. aureus V8 
protease was loaded on to a C 8 reverse-phase HPLC column and eluted with a 1—70% linear gradient of acetonitrile containing 0.1% 
: trifluoroacetic acid in 15 min at a flow rate of 0.3 ml/min Elution was monitored at 216 nm and peaks were manually collected. 10% of each 
peak was used for measur ing radioactivity and the rest was used for sequence determination. The arrow indicates the elution position of the 
) intact PBS 


l gested in situ with S . aureus V8 protease. The resulting peptides 
were eluted from the gel and finally separated by narrow-bore 
reverse-phase HPLC (Fig. 1). The most prominent of these 
peptides (1 — 7) were subjected to sequence analysis. Unam- 

I ' biguous sequence information was obtained from three 
peptides : P4 (see above), P5 (see above) and P6 (APXWVPA- 
VGLTLAP). The initial yields of peptides P4, P.5 and P6 
were 13 , 30 and 5 pmol, respectively. Two of the sequences 
obtained, P4 and P6, confirmed and extended the previously 
determined NH 2 -terminal sequence of intact PBS [15]. Radio- 
active determination of the fractions eluting fr om the HPLC 
revealed that almost all the loaded radioactivity from the 
covalently attached [ 3 H]PK1410.5 probe was recovered in 
peaks P4 and P6.. 


Comparison of CHO and human PBS 

( The specific binding of the isoquinoline carboxamide de- 
rivative [ 3 H]PK11195, a selective ligand for PBS, to a crude 
mitochondrial preparation from either CHO or U937 cells, 
was saturable (Fig. 2 A and B). Linear-regression analysis of 
the Scatchard plots showed, in both cases, a single-component 
site with K d values of 4.8 nM and 9.8 nM for CHO and human 
PBS, respectively (Fig. 2A and B, insets). It should be noted, 

1 however, that the amount of PBS in CHO cells (1.1 pmol/ 
10 6 cells) is tenfold higher than that in U937 cells (0.1 pmol/ 
10 6 cells). To probe for homology, we used an antiserum raised 
against a mixture of three synthetic peptides corresponding to 
the sequences obtained from CHO PBS. This antiserum was 
able to immunoprecipitate a CHO and U937 mitochondrial 
, 17-kDa protein specifically labeled with the photoaffmity pro- 
be [ 3 H]PK14105, a nitrophenyl derivative of PK11195 [25] 
(Fig. 2C). In both cases, the immunoprecipitation is inhibited 
b Y an excess of the synthetic peptides used for the preparation 
the antiserum. This antiserum also recognized the 1 7-kDa 
Protein in immunoblot analysis of total cell homogenates from 
both CHO and U937 cells (Fig. 2D). 


Isolation and analysis of human PBS cDNA 

A plasmid cDNA library was constructed from the U937 
cell line. cDNA clones were isolated by hybridization with 
four synthetic oligonucleotides (see Materials and Methods). 
Only oligonucleotides 3 and 4 were able to hybridize to the 
same clones. The clones hybridizing with probes 3 and 4 were 
size selected. The largest of these clones, designated h-pPBSll 
was sequenced. The nucleotide and predicted amino acid se- 
quence of human PBS cDNA with 61 nucleotides of 5'-flank- 
ing and 260 nucleotides of 3 '-flanking sequence are shown in 
Fig. 3. Total (probe 4) or partial (probes 1,2 and 3) similarities 
with the four probes are found in h-pPBSl 1 . Both the primary 
structure and the Northern blot analysis (results not shown) 
suggest that h-pPBSll contains a full-length representation 
of the pBDZ-R mRNA. The amino acid sequences of human 
and rat PBS, as deduced from their respective cDNA, show 
an overall similarity of 79% (134 out ofl69 amino acids) with 
21 mutations in the NH 2 -tenninal half of the molecule and 14 
in the COOH-terminal half (Fig. 4). The longest region of 
identity between the two molecules is located in the middle 
of the sequence where a stretch of 33 consecutive identical 
residues, Val80 — Leull2, is found. Interestingly, while rat 
PBS does not contain cysteine, human PBS has two, one near 
the NH 2 - terminus (position 19) and the other near the COOH- 
terminus end (position 153), The sequences of the CHO PBS 
peptides are also highly conserved when compared with the 
deduced human PBS sequence; 71 % identity for P4 and 93% 
for P5 (Fig. 4). 

Chromosomal localization of human PBS 

The cDNA of human PBS was used as a probe for the 
chromosomal localization of the PBS gene (Fig. 5 A). In the 
150 metaphase cells examined after in situ hybridization, 286 
silver grains were associated with the chromosomes, and 42 
of these (14.7%) were located on chromosome 22; the distri- 
bution of grains in this chromosome was not random: 92.8% 
mapped to the ql3.1-q!3.3 region of the long arm of 
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Fie 2 Comparison ofCHO and U937 PBS. Saturation and Scatchaid plot of [ 3 H]PK11195 binding to total cell homogenates of (A) CHO 
and (B) UWce ls (C) Autoradiograms of SDS/PAGE analysis off H]PK14105-photolabeled CHO (lane 1) and U937 Oane 2) m ocho„d,,a 
fraction solubdlzed and immunoprecipitated with the anti-(CHO peptide) antiserum. (D) rmmunoblot analysts of CHO (lane 1) and U937 

(lane 2) total cell homogenates 


-61 AGTGCCCTTCCCGGAGCGTGCCCTCGCCGCT GAGCTCCCCTGAACAGCAGCTGCAGCAGCC 


1 

61 

121 

181 

241 

301 

361 


421 


481 


541 

601 

661 

721 


ATCnr.r.rr.Ci C.r.CTGGGTGCCCGCCATGGGC TTCACGCTG GCGCCCAGCCTGGGGTGCTTC 
MetAlaProProTrpValProAlaHetGly pheTEFL^AlaProSerLeuGlyCyaPha 


GTGGGCTCCCGCTTTGTCCACGGCGAGGGT CTCCGCTGGTACGCCGGCCTGCAGAAGCCC 
ValGlySerArgPheValHisGlyGTuGly LeuArgTrpTyrAlaGlyLouGlnLyePro 

tcgtggcacccgccccactgggtgctgggc cctgtctggggcacgctctactcagccatg 

SerTrpHisProProHisTrpValLeuGly ProValTrpGlyThrLeuTyrSerAlaMet 


GGGTACGGCTCCTACCTGGTCTGGAAAGAG CTGGgAGGCTTCASAGAGA^GCTGTGGTT 
GlyTyrGlySerTyrLouValTrpLysGlu LeuGlyGlyPheThrGluLyaAlaValVal 

CCCCTGGGCCTCTACACTGGGCAGCTGGCC CTGAACTGGQCATGGCCCCOQATC^TTCTTT 
P r oLeuGl yLeuTy r Thr Gl yGlnLeuAl a LeuAsnTrpAlaTrpProProI lePhePn© 

GGTGCCCGACAAATGGGCTGGGCCTTGGTG GATCTCCTGCTGGTCAGTGGGGCGGCGGCN 
G 1 y A1 aAr gGlnMetGly TrpAl aLeuVa 1 AspLauLauLeuValSerGlyAlaAlaAla 


GCCACTACCGTGGCCTGGTACCAGGTGAGC CCGCTGGCCGCCCGCCTGCTCTACCCCTAC 
AlaThrThrValAlaTrpTyrGlnValSer ProLeuAlaAlaArgLeuLeuTyrProTyr 


CTGGCCTGGCTGGCCTTCGCGACCACACTC AACTACTGCGTATGGCGGGACAACCATGGC 
LouAlaTrpLeuAlaPheAlaThrThrLeu AsnTyrCyaValTrpArgAspAsnHisGly 


TGGCATGGGGGACGGCGGCTGCCAGAGTGA GTGCCCGGCCCACCAGGGACTGCAGCTGCA 
TrpHisGlyGlyArgArgLeuProGluEnd 


3AGCAGGTGCCATCACGCTTGTGATGTGG 
GCTAGTCTGTCAGGGCCTTGGCCCAGGGG 
3CCCCCACCCGGGAGCAGTGTCCTGTGCT 
I GGAAT T T T ATAAGCTGAATAAAGT TTT T 


tggccgtcacgctttcatgacCactgggcc 

TCAGCAGAGCTTCAGAGGTTGCCCCACCTG 

TTCTGCATGCT TAGAGCATGTTCTTGGAAC 
GACTTCCTTTAAAAAAAAAA . . . 


I 


Fig. 3. cDNA sequence and derived amino acid sequence of human PBS. The sequences corresponding to the oligonucleotide probes 
screen the U937-deiived cITNA library are underlined 
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Fig. 4. Comparison of the amino acid sequences of the human (h), rat (r) and CHO (c) PBS Identical amino acids are boxed 


chromosome 22, with a maximum in the ql3.3 band (Fig. 5B). 
These results allowed mapping of the p-hPBSll probe to the 
22 ql3 3 band of the human genome. 

s DISCUSSION 

I We recently purified and partially characterized a 1 7-kDa PBS 
/ ' present in the mitochondria of the CHO cells [15], The amino 
acid composition and the NH 2 -terminal sequence of the CHO 
PBS protein showed that it is closely related to the rat 1 7-kDa 
PBS protein recently cloned [14]. Attempts to obtain internal 
amino acid sequence information after enzymatic digestion of 
: purified CHO PBS in solution resulted in a very low recovery 
j of the generated peptides. Since these pr oblems were probably 
[ due to the hydrophobic nature of the protein, we decided to 
s perform an enzymatic digestion with the S. aureus V8 pr otease 
i in situ , then to extract the resulting peptides from the gel, and 
! to separate them by reverse-phase HPLC. This procedure 
allowed us to obtain several purified peptides that, after analy- 
sis, confirmed and extended the NH 2 -terminal sequence 
already determined and produced additional sequence infor- 
. j mation. Furthermore, the presence of radioactivity from the 
j photoaffinity probe, [ 3 H]PK14105, associated with the 
i peptides, corresponding to the described NH 2 -terminal se- 
quences, supported the assignment of this sequence as part of 
PBS. 

Since the peptide sequences of CHO PBS are highly similar 
to the corresponding sequences of rat PBS deduced by cDNA 
cloning, we decided to determine whether these sequences 
were also conserved in human PBS, to use this information 
for cloning the human molecule. The histiocytic lymphoma 
cell line U937 was used as a source of human PBS since 
monocyte/macrophage chemotaxis is a well- documented 
physiological role of PBS ligands [6]. Scatchard analysis of 
; [ 3 H]PK11195 binding, photoaffinity labeling with [ 3 H]- 
PK14105 and an immunological comparison revealed that 
CHO PBS and human PBS were closely related. Fur thermore, 
the pharmacological properties of CHO and U937 PBS, evalu- 
ated in displacement experiments of [ 3 H]PK11195 by 
PKl 1 195, Ro.5-4864, diazepam and clonazepam, were similar 
(results not shown). Based on these results, we screened a 
> U937-cell-derived cDNA library with four oligonucleotide 
■ probes derived from the CHO sequences. Two of the probes 


hybridized with several clones which we isolated and se- 
quenced. One of these, h-pPBSll, is 831 nucleotides, and 
contains a full-length representation of human PBS mRNA. 
The deduced amino acid sequence of human PBS is 79% 
identical to that reported for rat PBS and, when compared 
with the determined sequence of CHO PBS, the identity is 
71% for P4 and 93% for P5 The determined NH 2 -terminal 
sequence of CHO PBS is almost identical to the human se- 
quence following the initial methionine, but whether or not 
the NH 2 -terminal residue is modified, as suggested for rat [14] 
and CHO [15] PBS, is not known. Human PBS, as with rat 
PBS, does not contain a typical mitochondrial-targeting se- 
quence. 

Although closely r elated, human and rat PBS show several 
sequence differences which explain the different affinity that 
some peripheral ligands have for human and rat PBS. For 
example, Ro5-4864 binds with much higher affinity to rat 
PBS than to human PBS [26] Interestingly, it has also been 
reported that 6-thioguanine causes inhibition of Ro5-4864 
binding to human PBS, and that this inhibition was reversed 
by the presence of 2-mercaptoethanol, suggesting the forma- 
tion of a mixed disulfide between the 6-thiopurine and a PBS 
thiol [10]. Although rat PBS is characterized by the absence 
of cysteine, human PBS contains two: one near the NH 2 - 
terminus (position 19) and the other near the COOH-terminus 
(position 153). Of the two cysteines, the one in position 19 
seems more likely to be involved, directly or indirectly, in the 
binding site, since radioactivity from the photoaffinity probe 
[ 3 H]PK14105 is covalently linked to the peptides correspond- 
ing to the NH 2 -terminal sequence of the protein. It should be 
noted, too, that this cysteine is in the NH 2 -terminal 25 amino 
acids, where differences predominate. Using the cDNA of 
human PBS as a probe, we located the PBS gene in the 22ql 3 .3 
band of the human genome. Chromosome 22 is involved in a 
relative high number of inherited and acquired diseases, in 
particular malignancies. The availability of this new cloned 
probe for the distal region of the long arm of chromosome 22 
may help to characterize some of the DNA defects involved 
in those diseases [27] . Among other genes located on the long 
arm of chromosome 22 are mitochondrial aconitase 2 ( AC02 ), 
cytochrome b - 5 reductase ( DIA1 ), arylsulfatase A (ARSA) 
and platelet-derived growth factor polypeptide (PDGFfi) 
[28]. 
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Fig. 5 . Chromosomal localization of human PBS. (A1 and A2) Two partial human metaphases showing the s^cific site ^d^tion to 

chromosome 22 Arrowheads indicate silver grains on Giemsa-stained chromosomes after autoradiography. ( ) 

silver grains identified by R-banding as described in Materials and Methods. (B) Idiogram of the human G-banded chromosome 22 illustrating 

the distribution of labeled sites for the human PBS probe 


The transfection experiments performed by Sprengel et al. 
[14] indicated that this 17-kDa protein is sufficient for the 
binding of PBS ligands However, previous reports indicated 
that other proteins with molecular mass in the range 30— 
3 5 kDa are specifically either photolabeled with flunitrazepam 
[29] or acylated with AHN086 [30]. Whether or not the pro- 
teins labeled by these two ligands are the same is not known. 
Radiation inactivating experiments suggested a molecular 
mass of 34 kDa for PBS [31], and a molecular mass of 23 kDa 
for the isoquinoline-carboxamide-binding site [32]. Inter- 
estingly, we reported that a 33-kDa protein, in addition to the 
17-kDa protein, can also be labeled with [ 3 H]PK14105 [15]. 
Taken together, these results strongly suggest that proteins 
other than the PBS 17-kDa protein can interact specifically 
either with benzodiazepines or with isoquinoline carboxamide 
derivatives. Whether or not these proteins are part of a single 
functional peripheral-type benzodiazepine receptor is not 
known. The existence of different peripheral-type benzo- 
diazepine receptors cannot be excluded, and work is in pro- 
gress in our laboratory to characterize other molecules which 
may help to answer some of these questions. 

We thank C. Cassan, J Capdevielle, B. Delpech and P. Chalon 
for excellent assistance. N. Vita, E. Marchese, A.. Minty, and J. 
Hanoune for useful discussions. B. Beutler for critical reading of the 
manuscript 
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mean tumor growth rate of 0.05 cc per day. Our studies strongly suggest that the 
novel BK antagonist dimers have clinical potential for the treatment of human lung 
cancers. 

#1565 Dual potentiation of 1-[0-d-arabinofuranosyQcytosine (ara-C) ac- 
tion by 7-hydroxystaurosporine (UCN-01) and l-threo-sphinganine {safingol; 
SPC-100270). Jarvis. W.D.. Fornari. F.A., Schwartz. G.K.. and Grant, S. Medical 
College of Virginia, Richmond , VA 23298, Memorial Sloan-Kettering Cancer Cen- 
ter, New York. NY 10021 

The protein kinase C (PKC) isoenzyme family mediates a cytoprotective influ- 
ence over leukemic cell survival. Pharmacological inhibition of PKC can promote 
apoptosis directly, but may also enhance the cytotoxicity of other lethal stimuli. 
The present study characterized modulation of ara-C-related apoptosis by two 
PKC inhibitors currently in pre-clinical evaluation: the sphingoid base analog 
safingol (SPC- 100270), which acts at the lipid-sensitive regulatory domains of 
cPKC and nPKC, and the staurosporine derivative UCN-01, which acts at the 
catalytic domains of cPKC. nPKC, and aPKC. Acute (6-hr) exposure of HL-60 
human promyelocytic leukemia cells to ara-C (10 p M) resulted in extensive 
# double-stranded DNA damage, impaired clonogenicity, and expression of apo- 
ptotic morphology. Ara-C action was enhanced by either SPC (750 nM) or UCN 
(100 nM) singly; in combination, however, SPC and UCN potentiated ara-C action 
in a clearly supra-additive (i.e., synergistic) fashion. Thus, whereas the apoptotic 
capacity of ara-C can be augmented by regulatory domain-selective or catalytic 
site-selective PKC inhibitors, more effective potentiation is obtained in the com- 
bined presence of both classes of agents. We conclude that differential isoform 
selectivity underlies such synergistic interactions between various classes of 
pharmacological PKC inhibitors, suggesting that simultaneous targeting of mul- 
tiple PKC subfamilies may offer distinct advantages over single-agent models of 
chemopotentiation. 

#1566 Synthesis and biological characterization of aza-anthrapyrazole 
photoaffinity analogues. Chou, K-M.. Engelke, K., Bigelow, J„ Hazlehurst, L., 
Krapcho, and Hacker, M. University of Vermont, Burlington, VT 05405, Ver- 
mont Cancer Center, Burlington, VT 05405 
The anthrapyrazoles recently entered clinical trials and appear to have signifi- 
cant activity against breast cancer. Unfortunately, these drugs are cardiotoxic 
and ineffective in multidrug resistant (MDR) tumor cells. We previously reported 
on the synthesis and antitumor characteristics of the 9-aza-anthrapyrazoles, their 
lack of cardiotoxic potential and cross resistance in MDR models. In an attempt 
to characterize the interactions of our drugs with the MDR protein we have 
synthesized a series of pbotoaffinity analogs. These compounds are cytotoxic, 
cross resistant in MDR expressing tumor cells and are substrates of the MDR 
pump (inhibited by verapamil). Using fluorescent and confocal microscopy we 
have clearly demonstrated that regardless of the photoaffinity analog studied, the 
replacement of a basic amine on the side chain with an amide results in the 
photoaffinity analogues being localized in the Goigi and endosomes rather than 
the nucleus as occurs with the parent compound. These results suggest that the 
analogs will be useful in determining the MDR affinity and MDR binding sites of 
our drugs and that the chemical state of the side arm terminal amines plays an 
important role in directing the intracellular distribution of these drugs. 

#1567 2-Deoxyglucose inhibits antitumor drug-induced apoptosis of hu- 
man monocytic leukemia U937 cells. Haga, N., Naito, M., Tomida, A., and 
Tsuruo, T. Inst, of Mol. & Cell. Biosciences, Univ. of Tokyo. Tokyo, Japan 
Human monocytic leukemia U937 cells undergo apoptosis when cells are 
treated with antitumor drugs such as etoposide, CPT and MMC, although mo- 
lecular mechanism of this drug-induced apoptosis is not well understood We 
found that 2-deoxyglucose (2DG) inhibited the apoptosis of U937 cells induced 
by antitumor drugs. U937 apoptosis induced by TNF alpha, however, was not 
inhibited by 2DG treatment. 2DG did not induce the expression of anti-apoptotic 
protein, BcI-2, and stress proteins such as GRP78 in U937 cells. The formation of 
DNA-topoisom erase II cleavable complex by etoposide in U937 cells was not 
affected by the treatment with 2DG, suggesting that 2DG did not reduce the initial 
cellular damages caused by etoposide. However, 2DG inhibited the etoposide- 
induced activation of CPP32, an iCE-family protease involved In the development 
of U937 apoptosis. These results suggest that 2DG inhibits apoptotic signal 
transduction initiated by antitumor drug-induced cellular damage at a point 
upstream of ICE famliy protease activation. 

#1568 Deoxyguanosine kinase overexpression in tumor cell lines. Hapke, 
D.M., Stegmann, A.P.A., and Mitchell. B.S. Departments of Pharmacology and 
Medicine, University of North Carolina, Chapel Hill, NC 27599 
1 -0-D-arabinofuranosylguanosine (AraG) is a guanine analog which has signif- 
icant promise in the clinic. The extent to which this drug is activated by the 
cytosolic enzyme, 2'-deoxycytidine kinase (dCK) or by the mitochondrial enzyme. 

2 '-deoxyguanosine kinase (dGK), is not clear. We have recently cloned the gene 
encoding dGK and have found a strong structural identity between it and the dCK 
gene. Overexpression of dCK in tumor cells enhances the sensitivity of these cells 
to a variety of nucleoside analogs including AraG. To determine whether AraG is 
also activated by dGK. we infected the small cell lung adenocarcinoma cell line 
HI 437 and OEM T-lymphoblasts with the retroviral vector LNPO, containing dGK 


cDNA with (dGKm) or without (dGKc) the mitochondrial leader sequence. North- 
ern blots demonstrated increased dGK mRNA in both the INPO-dGKm and 
LNPO-dGKc infected cells. There was an increase in dGK activity in the cytosol 
in LNPO-dGKc infected cells, while dGK activity was increased in mitochondrial 
fractions of LNPO-dGKm infected cells. These data demonstrate that we are able 
to direct expression of dGK to either the cytosol or mitochondria, allowing us to 
determine the relative effects of dGK expression on guanine nucleoside analog 
toxicity to tumor cells. 

#1569 The peripheral -type benzodiazepine receptor in human breast 
cancer. Hardwick, M., Kozikowsky. A., and Papadopoulos, V. Dept, of Cell 
Biology, GUMC, Washington , D.C., 20007, Dept of Neurology, GUMC, Washing- 
ton, D.C., 20007 

The peripheral-type benzodiazepine receptor (PBR) is a ubiquitous 18KDa 
protein that has been shown to be involved in the regulation of glioma cell 
proliferation. Using ligand binding assays we have found that the human 
breast cancer cell line MDA-MB-231 (231), an extremely aggressive cell line, 
expresses increased binding of the PBR ligand PK11195 (Bmax = 7.8pmol/mg 
prot, K 0 -6.6nM) relative to the non-aggressive MCF-7 cell line (not detect- 
able). Northern analysis revealed that this difference in PBR expression is 
reflected at the PBR mRNA level. Pharmacological analysis of 231 PBR 
suggests that it is distinct to the PBR seen in other human tissues. Further- 
more, subcellular localization of using the fluorescent PBR ligand NBD reveals 
that 231 PBR is localized to the nuclear membrane whereas MCF-7 PBR is 
localized to the cytoplasm. Partial nucleotide sequencing of both 231 and 
MCF-7 PBR cDNA, however, shows no differences with the known human 
PBR cDNA sequence. Cell proliferation assays using the pyrimidine analog 
5-bromo-2'deoxyuridine indicates that nM concentrations of PKl 1195 stimu- 
late 231 cell proliferation. In conclusion, these studies show a strong corre- 
lation between the aggressivity of the human breast cancer cell lines studied 
and the expression of PBR at both the protein and mRNA levels. Pharmaco- 
logical analysis, subcellular localization, as well as cell proliferation assays 
indicate the PBR seen in the 23T cell line is distinct from the PBR studied in 
other human tissues including the non-aggressive human breast cancer cell 
line MCF-7. The cell proliferation assays further suggest that PBR ligands can 
regulate the proliferation of human breast cancer cells presumably through 
PBR. 

#1570 Cure rate linked to circadian tolerability rhythm of vinorelbine in 
P388 leukemic mice. Filipski, E., Breillout, F., and Levi, F. Lab. Rythmes Bi - 
ofogiques (Univ . Pahs XI and ICIG), H6p. P. Brousse, VHIejuif, France, Pierre Fabre 
Oncologie, 92100 Boulogne, France 

The effect of circadian dosing time on vinorelbine (VRL) tolerability and 
antitumor efficacy was investigated in 516 female B6D2F1 mice. Mice were 
synchronized for 3 weeks by alternating 12h of light and 12h of darkness, then 
inoculated i.p. with P388 leukemia (10® cells/mouse) and treated 24h later with 
i.v. VRL at one of six different circadian times: 3, 7. 11, 15. 19 and 23 hours 
after light onset (HALO). Single doses tested ranged from 20 to 30 mg/kg. A 
similar VRL toxicity rhythm was observed in healthy and in tumor-bearing 
mice: lowest and highest mortality rates corresponded to VRL administration 
at 19 and at 7 HALO respectively. In P388 mice, increasing VRL dose from 20 
to 30 mg/kg did not significantly prolong median survival time if injected at 7 
HALO (15.5 and 16.5 days, respectively. p*=NS), but did so if treatment was 
applied at 19 HALO (15.5 and 18.5 days, p<0.007). In order to take full 
advantage of VRL toxicity rhythm, P388-inoculated mice received 3 weekly 
injections of 20, 24 or 26 mg/kg/day at one of 4 circadian times: 7, 11, 19 and 
23 HALO. Cure rate on day 40 was 3-fold greater in mice treated at 19 HALO 
as compared to 7 HALO (60% vs 20%). In this tumor model survival prolon- 
gation and cures were dose-related and significantly improved by vinorelbine 
dosing at its least toxic time (mid to late activity span). 

#1571 Methylene blue viral photo-inactivation is associated with forma- 
tion of RNA-proteln crosslinks. Schneider, J.E., Jr., Un. X-L.. Marble, P., 
Thomas, T., Pye, Q.. Tang, J., and Floyd, R.A. 

Methylene blue plus light (MB+L) is known to inactivate some viruses very 
efficiently, and is currently in use as a treatment of blood products in order to 
inactivate undetected viruses, including the human immunodeficiency virus (HIV- 
1). MB+L forms 8-hydroxyguanine (8-OHGua) in RNA and DNA and protein 
crosslinks in the RNA bacteriophage G0. RNA-protein crosslinks occur at a rate 
that makes them a candidate for the primary inactivation lesion(s) in Qp during 
MB+L exposure. We show with an infectious RNA assay that Qp RNA is much 
more rapidly inactivated by MB+L when it is exposed to the intact virion, as 
compared to purified RNA. This is interpreted to mean that the association of the 
phage proteins with the genomic RNA of the phage enhance the inactivation of 
the RNA. Formally, such enhanced inactivation by the proteins could be due to: 
i) RNA-protein crosslink formation; 2) conformational differences in the RNA that 
make the RNA a more sensitive target for the MB+L reaction; or 3} enhanced 
photolytic damage to the RNA due to the presence of amino acids in close 
proximity to the RNA. In contrast with the Qp phage system, the HIV-1 RNA virus 
has many proteins in its virion structure, some of which have enzymatic activities. 
We show that HIV-1 viruses are inactivated by MB + L exposure at a much faster 
rate than is the reverse transcriptase (RT) associated with the HlV-i virion. Data 
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